Hedgehog-related genes regulate reactivation of quiescent neural progenitors in Caenorhabditis elegans.
The animal body contains various types of stem and progenitor cells. These undifferentiated cells coordinate the balance between quiescence and proliferation with dynamics of various physiological conditions such as the developmental stage, food availability, and injury. Although regulation of such coordination plays a critical role in maintaining tissue homeostasis, controlling the growth rate and regeneration, much of its mechanism remains elusive. Newly hatched Caenorhabditis elegans larvae possess quiescent stem and progenitor cells in several tissues, and these cells are reactivated by the insulin/insulin-like growth factor (IGF) signaling (IIS) pathway only when sufficient food is supplied. Maintenance of the quiescence of neuronal and mesodermal progenitor cells requires microRNA (miRNA), miR-235, which is upregulated under the starvation. On the other hand, feeding ample food downregulates the miRNA via the activity of the IIS pathway. As miR-235 in the hypodermis can non-autonomously regulate quiescence of neuronal and mesodermal progenitor cells, a cell-cell signaling pathway has been hypothesized to act downstream of the miRNA. Here, we provide evidence that two hedgehog-related (hh-r) genes, grl-5 and grl-7, are targets of miR-235 that promote reactivation of quiescent neuroblasts. These grl genes possess an miR-235 binding site on 3'UTRs of their transcripts, and are upregulated in starved mir-235 mutant larvae. grl-5 and grl-7 promoters can continuously drive the expression of GFP-pest reporter protein in the hypodermis under the fed condition. However, expression of these reporters is strikingly downregulated under the starvation condition after hatching. We found that miR-235 can repress expression of reporter genes via the predicted miR-235 binding sites on the grl-5 and grl-7 3'UTRs. Furthermore, activity of grl-5 and grl-7 genes are required for reactivation of neural progenitor cells in starved mir-235 mutant larvae. These findings suggest that the IIS pathway-miR-235 signaling in the hypodermis non-autonomously regulates quiescence of neural progenitor cells, partly via grl-5 and grl-7.